Background--Cardiovascular conditions are common in US Army and civilian populations. The recently developed concept of ideal cardiovascular health provides a new approach to evaluating population cardiovascular status.
C ardiovascular disease (CVD) is the leading cause of death in the United States among both men and women, accounting for 1 in every 4 deaths annually. 1 The active duty component of the US Army (hereafter, "Army") is afflicted more by CVD than by any other chronic disease. 2 Moreover, CVD prevalence rates among active duty Army personnel have increased over the past decade (6.8% in 2007 versus 9.4% in 2014). 2 Prevalence of risk factors associated with CVD, cancer, chronic respiratory disease, and other conditions has also increased in US military personnel in recent years. [3] [4] [5] [6] [7] In 2011, active duty Army respondents reported the following:
overweight or obesity, 68%; cigarette use, 27%; diagnosed high blood pressure (BP), 18%; and diagnosed high cholesterol, 15%. 8 Given the likely impact of these factors not only on potential military recruits but on medical readiness to deploy, CVD is a present threat to national security and poses significant financial costs to the military health system. 2, 9 The concept of cardiovascular health (CVH) offers a promising new approach to this problem. The American Heart Association (AHA), in 2010, defined ideal, intermediate, and poor CVH (in the absence of manifest CVD) in terms of 7 metrics and a 7-item composite score, comprising 4 modifiable health behaviors (current smoking, physical activity, diet score, and body mass index [BMI] ) and 3 health factors (systolic BP [SBP] and diastolic BP [DBP] , total blood cholesterol concentration, and fasting plasma glucose concentration). 10 This reframing of the approach to reducing the population burden of CVD replaces the terms "risk behaviors" and "risk factors" with "health behaviors" and "health factors," respectively, shifting the focus to positive attributes and their promotion and preservation through primordial prevention strategies. The choice of these metrics to define CVH was based, in part, on the supporting evidence: both long-term prospective population data showing better health, longevity, and quality of life with ideal CVH and intervention trials demonstrating modifiability of these 7 metrics. [10] [11] [12] [13] [14] [15] [16] In addition, corresponding data for each one would be available continuously for successive representative samples of the US population, through the National Health and Nutrition Examination Surveys (NHANES), permitting their ongoing surveillance for the civilian, noninstitutionalized US population. On the basis of this definition, AHA adopted as its 2020 Strategic Impact Goal "to improve the cardiovascular health of all Americans by 20% while reducing deaths from cardiovascular diseases and stroke by 20%." 10 Strategies to improve population CVH are potentially applicable to any population, including the US military. The Army monitors service members' health to sustain a physically fit, combat-ready military force. This periodic assessment includes 4 of the 7 metrics now identified with CVH: smoking, BMI, BP, and diabetic status. Although some studies have compared CVD risk factors in the military, 16, 17 the status of military personnel in terms of this new concept, and how it compares to the CVH of civilians, is unknown. We, therefore, determined the weighted age-standardized prevalence of each of these 4 CVH metrics in active duty Army personnel, in comparison with the US civilian population, represented by NHANES. We also examined these data by sex, race/ethnicity, and age. Because of Army fitness standards, both at recruitment and after enlistment, we hypothesized that ideal CVH would be more prevalent at every age in the Army than among civilians of comparable age.
Methods

Study Subjects
Army cohort
We examined data for Army personnel, aged 17 
Civilian sample
We examined data from US civilians, aged 17 to 64 years, from the 2011 to 2012 cycle of NHANES, a cross-sectional survey by the National Center for Health Statistics, Centers for Disease Control and Prevention, to monitor the health and nutritional status of the noninstitutionalized US population. 19 In NHANES, participants were interviewed at home and completed anthropometric and physiological examinations at a mobile examination center. NHANES uses a complex, multistage probability design with oversampling of older people, Hispanics, blacks, Asian Americans, and low-income non-Hispanic whites. NHANES data are weighted using US population estimates (based on age, sex, race/ethnicity, and income) and adjusted for multistage sampling and response rates. 19, 20 We applied exclusions (aged ≥65 years or pregnant) to match those of the Army cohort. This yielded an analytic sample of 4797 civilians, which was weighted to an estimated US population of 198 146 000 civilians in the same age range. The University of Pennsylvania (Philadelphia, PA) institutional review board and a Department of Defense Human Research Protection Official approved this study. Because this study relied on secondary collected Army and civilian data that were coded and deidentified to not be readily ascertainable by the research team, consent was not required. Under US Army policy, the data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the
Clinical Perspective
What Is New?
• This report compares prevalence of 4 ideal cardiovascular health (CVH) metrics (current smoking, body mass index, blood pressure, and diabetic status) between a large sample of active duty US Army personnel and a corresponding subset of the civilian US population, from the National Health and Nutrition Examination Survey.
• Even at early adult ages, prevalence of ideal body mass index and blood pressure was strikingly low in both populations, suggesting the age-related decline in CVH shown in other studies has already adversely affected both Army and civilian populations by the ages of 17 to 29 years.
• Ideal CVH was even less prevalent in the Army, despite health-related exclusion criteria in Army recruitment.
What Are the Clinical Implications?
• To improve population CVH for both the US Army and civilian populations, behavioral and policy changes are needed to promote, preserve, and, when compromised, restore ideal CVH.
• For clinical practice, this and previous studies support longstanding recommendations to prevent the emergence of cardiovascular risk, now expressed as loss of ideal CVH, through primordial prevention from early childhood on.
• On the basis of the estimated proportion of individuals with ideal CVH in each population, there is compelling need as well as substantial opportunity to improve the health of the nation and, in particular, the fitness of the US Army.
procedure; however, NHANES data files and documentation are publicly available from the Centers for Disease Control and Prevention website.
Measures
Demographic Characteristics
We obtained service members' demographic information (sex, age, race/ethnicity, educational attainment, and marital status) from the Defense Manpower Data Center (Seaside, CA). Civilian demographic information was assessed during the NHANES household interview.
Cardiovascular Health
We 
Statistical Analysis
We conducted analyses using SAS, version 9.4. We applied the direct method for age standardization using the year 2000 population projections from the US Census Bureau. 21 We accounted for weighting in each group with the SAS SURVEYREG procedure and used the Taylor series linearization method (recommended by the National Center for Health Statistics to obtain corrected SEEs and CIs) for the NHANES complex survey design. 19, 22 We used weighted v 2 tests to compare demographic characteristics across the 2 study groups (active duty and NHANES). We next calculated agestandardized prevalence estimates and 95% CIs for each category of the CVH metrics in the overall populations and in sex and race/ethnicity subgroups. In addition, we conducted significance tests of model effects and linear functions of model parameters, contrasting each CVH metric category in the Army with the civilian population both overall and separately in each sex and each race/ethnicity subgroup. Last, we computed agestandardized prevalence estimates of the number of ideal CVH criteria met in each population and the subgroups. All tests were 2 sided, with an a level of 0.001. We conducted all analyses within the Person-Event Data Environment, a secure Army data repository and analysis environment. 23, 24 All data meet Health Insurance Portability and Accountability Act of 1996 Limited Data Set standards, in accordance with Federal and Department of Defense regulations governing use of electronic medical records.
Results
The Table presents demographic characteristics of the active duty Army group and NHANES group. We made statistical comparisons across the 2 study groups (active duty and NHANES [civilian]) and found statistically significant differences for each characteristic. We describe key weightadjusted differences below. Among active duty service members, the youngest age category (17-29 years) heavily predominated in frequency (63%), whereas the NHANES population had only 27% in this category. The active duty Army group had few members in the 50 to 64 years category, whereas nearly one third of NHANES participants were in this age range (1% versus 32%). The active duty Army group, but not the NHANES group, was predominantly men. Categories of race/ethnicity were similarly distributed across the 2 groups, except for Hispanics, who were oversampled in NHANES. Fewer Army personnel than NHANES participants (17% versus 63%) had more than a high school diploma or equivalent. Army personnel were more likely to have never married than NHANES participants (37% versus 23%) and less likely to be separated, widowed, or divorced (6% versus 16%). Among active duty Army personnel, 36% reported >8 years of service and 17% reported >15 years of service.
Prevalence of CVH Metrics Categories
We present the prevalence estimates and 95% CIs (indicating the precision of each estimate) for each CVH metric comparison between active duty service members and, separately, the NHANES group. Active duty service members had slightly more frequent ideal status for smoking and diabetes mellitus and substantially greater frequencies of intermediate levels of BMI and BP than the NHANES group (Figure 1 ). In addition, although ideal BMI was fairly comparable across active duty service members and the NHANES group, ideal BP was substantially less prevalent among active duty Army personnel than among NHANES participants. In addition, although the age-adjusted prevalence of smoking was fairly comparable in both populations (20%), we observed an unadjusted smoking prevalence among active duty personnel 17 to 29 years old of 30%, relative to just 23% among those 30 to 39 years old.
Prevalence of CVH Metrics by Sex and by Race/ Ethnicity
For both male and female active duty personnel, ideal smoking and diabetes mellitus status were more frequent than among the NHANES group (Figure 2A and 2B) . Ideal BMI was equally frequent among active duty and NHANES men, and ideal BP was notably less frequent among active duty men compared with NHANES men (Figure 2A ). Ideal BMI was more frequent, and ideal BP was less frequent, among female active duty personnel compared with NHANES women ( Figure 2B Figure 3A) . In addition, ideal BP status was lower among active duty personnel relative to NHANES participants across every race/ethnicity subgroup ( Figure 3B) Figure 3A and 3B) .
Number of Ideal CVH Criteria Met
Overall, a smaller proportion of active duty personnel than NHANES participants met ideal criteria on ≥3 CVH metrics ( Figure 4A Figure 4B, left) ; however, among women, we observed similar distributions between active duty Army and NHANES groups ( Figure 4B, right) . As with the overall comparison, we observed a smaller proportion of active duty personnel than NHANES participants who met ideal criteria on ≥3 CVH metrics within subgroups by race/ethnicity (although the difference among non-Hispanic blacks was minimal; Figure 5) . Notably, we also observed this pattern at each age level: higher proportions of active duty Army with only 1 to 2 ideal metrics and lower proportions with 3 to 4 ideal metrics than among NHANES participants ( Figure 6A through 6D) .
Discussion
Active duty Army personnel exhibited fewer favorable CVH metrics (classified as ideal versus intermediate or poor) than did NHANES participants, overall and within most sex, race/ ethnicity, and age subgroups. This is the first study of CVH, as defined by the AHA, in Army personnel and compared with a US civilian population. Considering the Army's selective screening and policy of maintaining good physical and psychological health of Army personnel, we hypothesized that CVH metrics would be more favorable in the Army than the civilian population, at all ages. Contrary to our hypothesis, however, we observed less ideal CVH in the Army relative to the NHANES group.
Demographics and Overall CVH
The estimated Army population of nearly 500 000 active duty individuals differed from the estimated NHANES population demographically in several key respects: younger; predominantly men; fewer Hispanics and more non-Hispanic blacks; and less post-high school education. We were unable to compare the populations in terms of other measures of social disadvantage, which may be presumed to be more prevalent among Army recruits, a potential topic for further investigation. More than 55 000 women, 44 000 Hispanics, and 125 000 nonHispanic blacks are included in the estimated Army active duty population, and we estimated >85 000 individuals with >15 years of service longevity. Active duty Army personnel exhibited fewer favorable CVH metrics versus intermediate or poor than did the NHANES participants, overall and within most sex, race/ethnicity, and age subgroups.
In separate analyses comparing Reserve and National Guard personnel with NHANES civilians, we found that aside from having less ideal BMI than NHANES civilians, the differences in CVH observed between active duty personnel and NHANES civilians in this study appear to extend to Reserve and National Guard personnel (data not shown). Future research should further examine differences between Army components and US civilians and examine whether factors, such as deployment history, are associated with differences in CVH between Army components.
Cigarette Use
Both active duty personnel and NHANES civilians exhibited current smoking rates of nearly 20%, with the exception of female and Hispanic service members (<15%). Studies of smoking behaviors among military personnel typically find either an elevated smoking prevalence 8, 17 or no difference when compared with civilian populations. 25 In addition, the greater unadjusted smoking prevalence found among younger active duty personnel in this and other studies is particularly problematic given 17 to 29 year old service members (the age group with the greatest smoking prevalence) represent nearly two thirds of the active duty population. [25] [26] [27] Many young service members report initiating smoking after joining the Army, 25, 26 and this could, in part, be because of substantially lower cigarette prices in military compared with civilian stores. 28, 29 Targeted Army interventions and population-based prevention strategies are needed to reduce the healthcare burden and economic impact of smoking behaviors, particularly among young service members.
9,30-34
Overweight and Obesity
This major public health problem afflicts the Army as well as civilians. 35 Overall, only one third of active duty service members and civilians, but nearly half of female active duty personnel, demonstrated ideal BMI. This finding represents an opportunity to preserve ideal BMI for one segment of the active duty population, particularly given the increases in prevalence (unadjusted) of the poor category through the age of 49 years (data not shown). Poor BMI was nearly twice as prevalent in civilians as in active duty personnel, suggesting selection against obesity in Army recruitment may account for an early relative advantage, but the effect is not sustained at older ages. 36 Army training standards and demanding physical requirements may, in part, limit BMI increases in Army personnel, but not sufficiently to offset counterinfluences. In addition, as service members age and attain higher ranks, they typically move into staff positions, which tend to be more sedentary than in "line" positions within units (eg, infantry). Study of measurement, determinants, and preventive strategies for excessive BMI in the Army is warranted.
37-39
Blood Pressure
Ideal BP was strikingly less prevalent among active duty Army personnel than among the NHANES group (30% versus 55% selection against diabetes mellitus at entry to the Army; however, further investigation is needed. 36 Consistent with previous research, ideal diabetes mellitus status was less prevalent among non-Hispanic black and Hispanic individuals and more prevalent among non-Hispanic white individuals. 15, 42 Given diabetes mellitus is associated with a wide range of serious medical conditions (eg, heart disease, stroke, blindness, kidney failure, and coronary microvascular disease), 43 prevention and management programs are needed to maintain ideal glucose levels in service members and civilians.
Limitations and Future Directions
This study has several limitations worth noting. First, there may be technical differences in the assessment of CVH metrics between the Army and NHANES groups, especially for BMI (eg, shoes and clothing) and BP (eg, position). Second, we were unable to assess intermediate levels of smoking (ie, former smokers who quit smoking within the past year); we were obliged to substitute self-reports of diabetes mellitus for fasting plasma glucose; and we were unable to account for medications when classifying BP. Third, lack of Army data on diet, physical activity, and cholesterol (for service members <40 years) limited the current comparison to only 4 of the 7 CVH metrics, precluding calculation of individual CVH scores. Fourth, this study sought to make contemporaneous comparisons between the Army and the US civilian population.
Although it is desirable in analysis of NHANES data to combine sequential 2-year cycles of the survey to increase analytic sample sizes, this practice relies on the assumed absence of secular trends over multiple cycles. This assumption could not be justified in the present case for either study population because of ongoing campaigns attempting to promote the health of service members and, separately, civilians. We, therefore, made the design decision to restrict eligibility to the time period of a single NHANES cycle and, furthermore, recommend caution when interpreting the diabetes mellitus prevalence estimates, which demonstrated low prevalence among Army service members and civilians. Fifth, although we only present prevalence estimates across one dimension at a time (eg, only sex or only race/ ethnicity), our samples do contain some groups that may be fairly rare (eg, older, Hispanic, women in the Army), which is reflected in our population weighting. Nonetheless, the current comparisons present an important first step in understanding CVH in the Army relative to the general population. The present findings can be extended in several important ways. First, because this study compared CVH in Army personnel with that of civilians, we did not examine the role of military-specific experiences, such as combat exposure, in Army members' CVH. Future research on military samples should examine the role of combat exposure and other military-specific experiences in Army members' CVH. Second, future research may explore the extent to which the present findings extend to other military service branches (eg, Air Force and Navy). Third, future research may benefit from an economic analysis of the costs associated with treating cardiovascular conditions within the Army (or Department of Defense) compared with civilians, as well as the projected cost savings associated with moving service members from poor to intermediate CVH or from intermediate to ideal CVH.
Fourth, an economic analysis of the cost savings resulting from fewer cardiovascular-related medical visits that can be attributed to large-scale Army soldier health educational initiatives could be highly informative. One such initiative is Performance Triad, a comprehensive Army health education campaign designed to promote sleep, activity, and nutrition among Army service members and their families.
Conclusions
Overall, ideal CVH in the Army is less prevalent than in the civilian population. This finding is surprising given the Army's selective health screening at entry, as well as the Army's policy commitment to physical and psychological fitness. More important, the low prevalence of ideal BMI and BP in both populations highlights a critical need for impactful efforts to promote, preserve, and improve CVH through both Armybased and nationwide behavioral and policy changes. Sexspecific analyses revealed differences in CVH were primarily between active duty Army men and civilian men. Given men represent >80% of the Army, this difference in CVH could have important readiness and cost concerns for the Army. Preventive health interventions aimed at improving the BMI and BP of service members (particularly men) through physical activity and nutrition, for example, may yield substantial gains in CVH for the active duty force. Such efforts have the potential to improve military preparedness, CVH, and quality of life, while at the same time reducing healthcare costs. 
